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\S 1 CR
$(M,p),$ $(N, q)$ $p,$ $q$ $\mathbb{C}^{n}$ $\mathrm{C}\mathrm{R}$ .
2 $\mathrm{C}\mathrm{R}$ , $p$ $f$ :
$\mathbb{C}^{n}arrow \mathbb{C}^{n}$ $f(p)=q$ $f|M(M)\subset N$ .
$\mathrm{C}\mathrm{R}$
.
$\mathrm{C}\mathrm{R}$ E.Cartan . Cartm 2 3
. $\mathrm{C}\mathrm{R}$ ,
. 2 , 1 (normal form)
, 1 , , ,
1 $\mathrm{C}\mathrm{R}$ , .
, , Cartan
1 ,
Chem-Moser [3] . [9]
, (strongly regular) $\mathrm{C}\mathrm{R}$ ,
76 . $\mathrm{C}\mathrm{R}$ ,
.
, Ezhov, Isaev, Schmalz[6] , $\mathbb{C}^{4}$ 2
$\mathrm{C}\mathrm{R}$ $\mathrm{C}\mathrm{R}$ .
Ebenfelt . Baouendi, Huang: Roth-
schild[2] $\mathrm{C}\mathrm{R}$ ,
(finitely nondegenerate) . ,
$l$ , $l$ l-
. $l=1$ , $l$
. Ebenfelt[4] 2- 5
, , 8 .




[1] . $\sum_{j=1}^{n}a_{\mathrm{j}}b^{j}$ $a_{j}b^{j}$ ,
.






, $\mathrm{C}\mathrm{R}$ , $\mathrm{C}\mathrm{R}$ G
, G
. [7], [8] . G-
. .
1. $B_{G}^{1}$, $B_{G}^{2}$ $M_{1}$ $M_{2}$ G , $c_{1}$ $c_{2}$ $B_{G}^{1}$




$M$ $d$ , $x\in M$ $d$ $V$
. $\mathfrak{g}$ $\mathrm{G}$ $\mathfrak{g}\subset \mathrm{H}\mathrm{o}\mathrm{m}(V, V)$ . $M$
1 $Bc$ 1 $\omega$ , p\in B $H$ $V$
, $f$ $Varrow H$ .
: $\mathfrak{g}\otimes V^{*}\ni Sarrow\partial S\in V\otimes(V^{*}\wedge V^{*})$
$\tau\iota\wedge v\in V\wedge V$ $S(u \wedge v)=(Su)v-(Sv)u$ .
. $u\wedge v\in V\wedge V$
$c(p, H)(u\wedge v)=d\omega(f_{H}(u), f_{H}(v))$
, $p\in B_{G}$ $H’$ $c(p, H)-c(p, H’)\in\partial(\mathfrak{g}\otimes V‘)$
$c$ : BG\rightarrow V\otimes (V*\wedge V /\partial f\otimes Vl)
, $B_{G}$ . $V\otimes$ $(V‘ \wedge V^{*})/\partial(\mathfrak{g}\otimes V^{*})$
$(0, 2)$ .
.
(1) $G=\{\dot{e}\}$ $B_{G}$ .
(2) , $c\equiv 0$
.
(3) $Bc$ $c\equiv 0$ . 1 .
(4) $\mathrm{C}\mathrm{R}$ , $c\equiv 0$ .
G (prolongation) , .
2. $k$ , $B_{G}^{1}$ $B_{G}^{2}$ $M_{1}$ $M_{2}$ G
. $B_{G}^{1},$ $B_{G}^{2}$ $k$ G $c_{1}^{(k)},$ $c_{2}^{(\mathrm{k})}$ .
$B_{G}^{1}$ $B_{G}^{2}$ c(lk)=cY .
. $k$ . $G$
$\mathfrak{g}$ $k=0$ . $\mathfrak{g}$ .





$l$ . $l$ (l)
, $k$ $l$ .
2 , $B_{G}^{1}$ $B_{G}^{\mathit{2}}$ $C^{\infty}$
. $\vee\supset$ $c_{1}^{(k)}=c_{2}^{(k)}$ , $\mathrm{C}\mathrm{R}$ . (4)




. Ebenfelt [5] $\mathrm{C}\mathrm{R}$
$M=\{(z_{1},z_{2}, z_{3})\in \mathbb{C}^{3} : ({\rm Re} z_{1})^{2}+({\rm Re}\approx_{2})^{2}-(\cdot{\rm Re}\approx_{3})^{2}=0\}$
${\rm Re} z_{1}{\rm Re}\approx_{2}{\rm Re}\approx \mathrm{a}\neq 0$ .
$\sim’ j=x_{j}+\sqrt{-1}yj$ . $M$
$L= \frac{1}{\sqrt{x_{1}^{2}+x_{2}^{2}}}.\frac{\partial}{\partial y_{3}}\backslash$
$L_{1}= \frac{\sqrt{2}}{\underline{?}x_{2}}.(-ix_{1}\frac{\partial}{\partial y_{3}}+\sqrt{x_{1}^{2}+x_{2}^{2}}.$. \frac{\partial}{\partial x_{1}}.-i\sqrt{x_{1}^{2}\prime+x_{2}^{2}}\frac{\partial}{\partial y_{1}})$ ,
$L_{2}= \frac{x_{1}}{\underline{?}}(\frac{\partial}{\partial x_{1}}.-i\frac{\partial}{\partial y_{1}})+\frac{x_{2}}{2}(\frac{\partial}{\partial x_{2}}-i\frac{\partial}{\partial y_{2}})-i\frac{\sqrt{x_{1}^{2}+x_{2}^{2}}}{2}\frac{\partial}{\partial y_{3}}$ ,
$\overline{L}_{1}=\frac{\sqrt{2}}{2x_{2}}.(ix_{1}\frac{\partial}{\partial y_{3}}+.\sqrt{x_{1}^{2}+x_{2}^{2}}.\frac{\partial}{\partial x_{1}}.+i\sqrt{x_{1}^{2}+x_{2}^{2}}.\frac{\partial}{\partial y_{1}})$ ,
$\overline{L}_{2}=\frac{x_{1}}{2}(\frac{\partial}{\partial x_{1}}+i\frac{\partial}{\partial y_{1}})+\frac{x_{2}}{2}(\frac{\partial}{\partial x_{2}}.+i\frac{\partial}{\partial y_{2}})+\dot{\iota}\frac{\sqrt{x_{1}^{2}+x_{2}^{2}}}{2}\frac{\partial}{\partial y_{3}}$ ,
. Ebenfelt $G$
$G=( \frac{u^{2}v}{v}$ $u00$ $u00)$
. $e_{1},$ $\ldots,$ $e_{5}$ $\mathbb{R}^{5}$
$\iota\iota^{2}L|\omega>=e_{1}$
$vL+uL_{1}|\omega>=e_{2}$












$a\in G$ $a^{-1}da$ .
$a=(_{\frac{v\iota^{2}}{v}}^{l}$ $\iota\ell 00$ $u00)$
$a^{-1}da=(_{-\frac{u_{\frac{2}{v2}}2}{u}du+\frac{u11}{u}d\overline{\iota\prime}}^{\frac{2}{duu}du}- \frac{2v}{}+\frac d\tau’$ $\frac{1}{u}du00$ $\frac{1}{u}du00)$
.
$\mathrm{I}\mathrm{I}^{1}=\frac{1}{u}$ du $\Pi^{2}=-\frac{\underline{?}v}{u^{2}}du+\frac{1}{u}dv_{\backslash }$ $\Pi^{3}=-\frac{2\overline{v}}{u^{2}}du+\frac{1}{u}Fv$







$d\omega^{5}$ ’, ... , $\omega^{5},$ $\Pi^{1},$ $\ldots,$ $\Pi^{3}$ .
$d\omega^{\dot{*}}=c\mathrm{j}_{k},\omega^{j}\wedge\omega^{k}+a_{l,m}^{i}\omega^{l}\wedge\Pi^{m}$
, $\mathrm{I}\mathrm{I}^{m}$ $m+d_{k}^{m}$. $\omega^{k}$ $c_{j,k}^{*}$
.
$c\mathrm{j}_{k},+aj_{l},d_{k}^{l}$ .















$c_{1,4}^{1}= \frac{1}{2}$ , c11,5=–21 $c_{2,3}^{1}=-i$ , $c_{2,4}^{2}=c_{3,4}^{2}=- \frac{1}{2}$ , $\mathrm{c}_{2,4}^{3}=c_{3,4}^{3}=-\frac{1}{2}$ ,








$L_{1}= \frac{\partial}{\partial x_{3}}$ , $L_{2}= \frac{1}{2i}(\frac{\partial}{\partial x_{1}}-i\frac{\partial}{\partial x_{2}})+nz^{n-1}\overline{\approx}^{\mathrm{n}}\frac{\partial}{\partial x_{3}}$ ,
$L_{3}=- \frac{1}{\underline{?}i}(\frac{\partial}{\partial x_{1}}+i\frac{\partial}{\partial x_{2}})+nz^{n_{\overline{\tilde{k}}}\mathfrak{n}-1}\frac{\partial}{\partial x_{3}}$
.
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. $\ J^{1}$ $\omega^{j}\wedge\omega^{k}$ $c_{j,k}^{1}$ .
. $B_{G}(M_{n})$ $G$
$B_{G(1)}(B_{G}(M_{n}))$ . $G^{(1)}$ $G$ 1 .
.
. 2 $G$- $B_{G}^{1},$ $B_{G}^{2}$ $B_{G}^{1}$ $B_{G}^{2}$
G{y- .
2 $M$ $N$ , $B_{G}(M),$ $B_{G}(N)$ G(l)-













, $T_{(x,p)}B_{G}(\mathrm{A}f)$ $L_{1},$ $L_{2},$ $L_{3}$ , ,, . . . , 5 .
$G$ $\mathfrak{g}$ 1 $\mathfrak{g}^{(1)}$
1) $=\{($ ( $t_{21}^{1}$ $t_{21}^{2}00$ $t_{ 1}^{3}00$ ), $(\begin{array}{lll}0 0 0t_{22}^{2} t_{22}^{2} 00 0 0\end{array})$ , $(\begin{array}{lll}0 0 00 0 0t_{33}^{1} 0 t_{33}^{3}\end{array}))\}$
.
$1_{}^{}$ $G$ 1 $G^{(1)}$ . $T\in \mathfrak{g}^{(1)}$
$G^{(1)}$ $V+\mathfrak{g}$
$a\tau$
$a_{T}(A)=A$ , $A\in \mathfrak{g}$ ,







aT( 5)|\mbox{\boldmath $\omega$}8 $>=e_{8}$
$\omega^{j}=a_{1}^{j}dx_{1}+\cdots+a_{8}^{\mathrm{j}}dx_{8},$ $j=1,$ $\ldots,$ $8$ $\mathrm{t}\backslash$ . }




$- \frac{1}{2i}t_{21}^{2}-\frac{1}{2}t_{22}^{2}00$ $- \frac{1}{2i}t_{31}\mathrm{a}+n_{\overline{\tilde{k}}}-1z^{\hslash}t_{33}^{3}00)$
, $a\tau$ ,
$(\begin{array}{ll}a_{\mathrm{l}}^{1} a_{8}^{1}\vdots \vdots a_{1}^{8} a_{8}^{8}\end{array})\Omega=(_{0}^{1}$ ... $01)$ , $\Omega=(\begin{array}{ll}A 0B C\end{array})$
86
.$A=(_{0}^{0}10$ $nz \overline{z}-\frac{in}{2}t_{11}^{1}x_{4}\frac{1}{-\frac{i1}{21}\underline{?}’-}$ $n^{n-1} \frac{iz}{2}t_{14}^{1}-\frac{1}{\overline,z_{1^{X}}}-\frac{2i1}{2,n}$ $.\tau_{4}000.)$
$B=(_{0}^{0}t_{31}^{3}x_{8}t_{33}^{3}x_{8}$ $- \frac{it_{11}^{1}-}{2}x_{6}-(^{n-1}\frac{+(it_{S1}^{1}}{\frac{i}{}t^{\frac{?}{21}},\underline{\mathrm{o}}^{1}},.t_{31}^{3}\rangle x_{8}(-\frac{it_{31}^{1}(-}{\underline{?}}+n_{\sim}^{n-1}\overline{z}^{n}t_{}^{3})x_{8}\frac{it_{11}^{1}}{\underline{?}}x_{5}-\frac{it_{21}^{1}}{-\frac{2t_{22}^{2}nz}{\underline{?}}}-\frac{t_{21}^{2}}{\frac{2}{z}})x_{7}-)x_{7}$ $\frac{it_{11}^{1}}{\underline{?}}(\frac{it_{31}^{1}+(}{\frac{\mathrm{s}_{i}}{},+nt_{212}^{2}2}+^{n-1_{\vee}n}\sim t_{31}^{3}.)x_{8}\frac{it_{11}^{1}}{x_{6}+2}x\frac{it_{21}^{1}}{\underline{?}}-\frac{t_{21}^{2}}{\underline{?}})x\tau(\frac{\dot{8}t_{31}^{1}(}{2}\overline{z}^{n1n}t_{3\theta}^{\})x_{8}-\frac{t_{22}^{2}n\overline{z}}{-2\sim\vee})x_{\overline{l}}$ $x_{6}x_{0}\mathrm{s}0)$
$C=(\begin{array}{llll}x_{7} 0 0 00 x_{8} 0 00 0 x_{7} 00 0 0 x_{8}\end{array})$




$–*$ . . $\omega^{j}$ $Bc(\mathrm{J}tI_{n})$
.
,
$[L_{2},L_{3}]=-2in^{2}|z|^{2(n-1)_{\frac{\partial}{\partial x_{3}}}}$ , $[\Pi_{1}, \Pi_{2}]=[\Pi_{2}, \Pi_{4}]=-X^{-\frac{\partial}{\partial x_{5}}},$.
$[\Pi_{1}, \Pi_{3}]=[\Pi_{3}, \Pi_{5}]=-x_{8^{\frac{\partial}{\partial x_{6}}}}$ , 0
$\omega^{j}$
$dx_{3},$ $dx_{5},$ $dx_{6}$
$1\backslash$ . $\Omega$ 3, 5, 6 $\mathrm{I}\mathrm{J}[]$
, . 3, 5, 6
$\{\begin{array}{l}1000\alpha_{1}\alpha_{2}\alpha_{3}\alpha_{4}\alpha_{5}\end{array}\}$ , $[ \frac{00001}{x_{0}0^{7},0}]$ , $\{\begin{array}{l}00000\frac{1}{x_{0^{8}}}0\end{array}\}$
87
. $\alpha_{1},$ $\ldots,$ $\alpha_{5}$ $ti^{1}$ , $\mathrm{t}\sim$ ( $\ovalbox{\tt\small REJECT}\backslash$ .$\sim$ $\sim$
$d\omega^{1}=dx_{3}+\ldots$ , $\ ^{5}=\alpha_{1}dx_{3}+\frac{1}{x_{\overline{l}}}dx_{5}+\ldots$ ,
$d \omega^{6}=\alpha_{2}dx_{3}+\frac{1}{x_{8}}dx_{6}+\ldots$ , $d\omega^{7}=\alpha_{3}dx_{3}+\ldots$ , $d\omega^{8}=\alpha_{4}dx_{3}.+\ldots$
, $Bc(M_{n})$ ,
$c_{23}^{1}=2in^{2}[\approx|^{2(*-1)}’.,$ $c_{45}^{5}=c_{57}^{5}=c_{46}^{6}=c_{68}^{6}=1$ , [ 0
.
$I_{\mathfrak{n}}$ $M_{m}$. $\mathrm{C}\mathrm{R}$
$C^{\infty}$ $f$ : $B_{G}(M_{n})arrow B_{G}(M_{m})$





$0=m^{2}\overline{f_{1}}^{m-1}L_{2}^{n}f_{1}^{m-1}$ , $L_{\dot{2}}^{*}f_{1}^{m-1}=0$ . $f1$
\epsilon $_{arrow}’$ \sim 1, $x_{2},$ $x_{S}$ , $l$ $f_{1}^{m-1}$ }
$l(m-1)$ . $L_{2}^{n}f_{1}^{m-1}=0$ $n>l(m-1)$ ’ ] . $l(m-1)<n<m$ ,
$m \leq\frac{l}{l-1}(<1)$ . $n\geq m$ . (
$m\geq n$ . , $n=m$ .
$\mathrm{C}\mathrm{R}$ \not\cong b\supset i, [
$\mathrm{V}^{\mathrm{a}}$ .
\S 5
(1) 1 , $\mathrm{C}\mathrm{R}$ }x
$\text{ }$ $c_{2}\mathrm{o}\phi_{*}=c_{1}\text{ }ft$
$\phi_{*}$ 11 . fx \leq \supset \supset
1X . \leq * .
2 , , 2
$\mathrm{C}\mathrm{R}$
$\mathrm{i}$ \Phi #\downarrow
. $\mathrm{C}\mathrm{R}$ $c_{1}^{(k)}=c_{2}^{(k)}$ 1 $\mathrm{D}$ 2
$\mathrm{C}\mathrm{R}$ \leq
.
(2) 2 , Ebenfelt
$M=\{(z_{1}, z_{2,\sim}\nu \mathrm{s})\in \mathbb{C}^{\theta} : (\mathrm{f}\mathrm{f}\mathrm{i}z_{1})^{2n}+({\rm Re}\approx_{2})^{2n}-(\ z_{3})^{2}=0\}$








, $G$- . [ [ \leq } b
$\mathrm{a}$
$\text{ }$ , 0 ] . } {
$G$ $\text{ }$
$G(1)$ , B $G^{(1)}$- $B_{G^{(1)}}(B_{G})$
$\text{ }-$ { $rx$
. $\sim-*\mathrm{L}$
$G^{(1)}$ ( , ( 23 , $B_{C\mathrm{r}}$ $\grave{\grave{1}}$
18 $\text{ }$ , 41 .
$\text{ }$ }f




$\overline{\mathrm{F}}$ \leq . $\text{ }$
$\text{ }2$
$\text{ _{}\approx}^{\mathrm{B}}$ , .
$G^{(1)}$ a)





. $B\in \mathrm{G}\mathrm{L}(\mathbb{C}^{n}),$ $v\in \mathbb{C}^{n},t\in \mathbb{R}_{>0}$ \mbox{\boldmath $\tau$}. . }
[ $G-$
– $\mathfrak{i}_{\acute{}}$ G- t2 W\nearrow / \sigma )
ffl $\text{ }$ .
$\nearrow\backslash ^{\mathrm{Q}}7$ Darboux $p_{1}^{\mathrm{b}}$
. n $C^{\infty}$ $-\mathrm{C}$ . , 1,
$\mathrm{C}\mathrm{R}$ E ’ffl
$\mathrm{C}\mathrm{R}$ Pffi \leq it6.
$\neq_{\backslash }$ , $C^{\infty}$ T [ , \acute 7\sigma ) i .
(4) $\S_{\sim}^{\mathrm{o}\text{ ^{}\backslash }\mathrm{g}_{\mathfrak{l}}\ovalbox{\tt\small REJECT} \text{ }*\mathrm{t}_{)}\text{ }1^{\mathrm{a}}-\text{ }\check{9}\mathrm{t}^{\vee}}.-\text{ }1q)c_{2}\mathrm{o}\phi_{*}=c_{1}\text{ _{}\mathrm{b}^{\mathrm{a}}\check{\mathcal{D}}\ovalbox{\tt\small REJECT} 1+\mathrm{I}\mathrm{h}G\pi^{\backslash }\text{ }\delta\grave{\grave{1}}\mathrm{F}-\mathrm{f}\mathrm{f}\mathrm{i}}$
$\text{ ^{}\backslash },*.$. $\text{ }>\text{ }$ . $\iota\backslash$ [ $\mathrm{D}$ t
fi] . \S 4 t
$|_{/}\mathrm{a}$ .
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